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Pre-treatment Methods for Analysis of Persistent Organic
Pollutants in Soil Samples

TONG Ling HUANG Yuan-ying ZHANG Ling-jin WU Shu-qi*
National Research Center for Geoanalysis Beijing 100037 China

Abstract In this paper the study on pre-treatment technology for analysis of persistent organic pollutants in soil
samples was reported. Accelerated solvent extraction ASE method was used to extract organochlorine pesticides
and polychlorinated biphenyls in soil samples and the results were compared with those from Soxhlet extraction
SE method. It indicates that ASE can substitute for traditional SE method in extraction of persistent organic
pollutants in soil samples. Different sorbents for clean-up column used in solid phase extraction SPE were
selected by the experiments and the clean-up effect for organochlorine pesticides and polychlorinated biphenyls in
soil samples by SPE and sulphonation method were compared. The clean-up condition for gel permeation
chromatography GPC  was also optimized. The results of the study show that the method of GPC combined with
SPE is suitable for the pre-treatment of soil samples with complicated matrix. And the average recoveries for the
method of ASE combined with SPE is 68% ~106% with the precision of less than 7.7% RSD.
Key words organochlorine pesticides OCPs polychlorinated biphenyls PCBs accelerated solvent
extraction ASE  gel permeation chromatography GPC  solid phase extraction SPE  gas chromatography
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2 27
1 mL GPC 1 20
GPC Table 1 Parameters of calibration curves for 20 compounds
SPE SPE
/min ng: mL~!
1 ecm Na,SO, 3 ¢ 0.5¢ i pw/ ng ml
1 em Na, S0, y a-666 27.530 0.5~20  2024.5 342.4  0.995
' B 666 29.153 0.5~20  1394.7 1369.6  0.997
11 10 mL 20 mL y ~666 29,611 0.5~20  2051.6 292.0  0.998
20 mL / PCBI5 30.246 1.5~60 483.7 1431.2  0.99
8:2 1 ml 5666 31.171 0.5~20  1895.1 22.4 0.9
CC —ECD PCB28 33.379 0.5~20  1810.9 1826.1  0.995
34.721 0.5~20  2010.7 210.8  0.998
L5 PCBS2 35.926 0.5~20  2088.2 2864.7  0.994
250 C 37.493 0.5~20  1855.0 1601.6  0.998
1 min I uL - 42,666 0.5~20  2291.7 1710.4  0.998
. ) PCBIOI 43.009 0.5~20  1857.7 14425  0.995
120‘.>C 2 min | 4°C/min - 43.961 0.5~20  2378.8 10659  0.999
220C 5 min 3 C/min 280 C »p -DDE  45.421 0.5-~20  1546.0 83%8.0  0.99
50 °C /min 300 °C 62.4 min 46.083 0.5~20  2042.1 503.7  0.997
105 kPa ECD 320 C 48.084 0.5~20  1011.1 179.7  0.995
) PCBIIS  48.512 0.5~20  2272.9 394.7  0.993
40 mL/min pp -DDD  49.168 0.5-20 15142 -138.6  0.997
0 p' -DDT  49.539 0.5~20  1182.6 -1155.9  0.999
pp -DDT 52519 0.5~20  1040.5 -171.4  0.999
PCBI3S  53.018 0.5~20  2248.7 2039.5  0.997
2.1
10 pe/mL. a - 666 B - 666 y—-666 3 3
5 - 666 - - ASE
p p' —DDE p p =DDD o p' -
DDT p p' — DDT PCB15 PCB28 PCB52 PCB101 7-9
PCB118 PCBI38 20 0.512 ASE
5 10 20 ng/mL PCB15 4
3 100 ng/mL 10 g 1 ng/g
PCB103 PCB204 PCB103 PCB204 10 ng/¢g
22 SE  ASE
1 2 10
ng/mL 100 ng/mL
50{  ®p ‘% 5 2 SE ASE
s e & <25%
2100 s
50 »“;g[g gz E;‘ | SE
= e
ol b Wi b LI e L 79% ~110% ASE 77% ~
300 350 400 450 SO0 S50 98%
r/min
1 22 GC - ECD ASE
Fig. 1  Chromatogram of 22 compounds by GC-ECD Sk Sk
10 ng/mL 150 mL 16 h ASE 40 mL
20 min
1 1
0.993
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Table 2 Analytical results of organic pollutants in blank

+ standard and real soil samples after sample preparation

by ASE and SE py/ ng: mL™'
1 2 3 4

ASE SE ASE SE  ASE SE  ASE SE  ASE SE

o - 666 8.27 9.19 5.25 6.27 4.38 3.22 4.35 3.86 4.73 5.29

B - 666 8.23 8.41 21.3 20.0 3.23 3.67 ND ND 4.07 3.75

y - 666 8.37 9.38 1.50 2.70 2.97 3.63 1.76 2.55 3.91 6.02
PCB15 7.92 790 ND ND ND ND ND ND ND ND

8- 666 7.79 876 ND ND ND ND ND ND ND ND
PCB28 9.59 854 ND ND ND ND ND ND ND ND
9.04 1002 ND ND ND ND ND ND ND ND

PCB52 9.45 995 ND ND ND ND ND ND ND ND
8.30 10.2 ND ND ND ND ND ND ND ND

PCB103 78.4 85.0 77.4 77.6 82.0 81.4 73.8 86.9 75.1 85.0

- 8.48 8.81 ND ND 1.33 1.91 ND ND ND ND
PCB101 8.78 8.09 ND ND ND ND ND ND ND ND

- 8.80 9.33 2.68 7.16 ND ND ND ND ND ND
pp'-DDE  8.47 8.32 1312 1342 287.3309.1 266.7330.1 842.9 1001
7.75 83 ND ND ND ND ND ND ND ND

8.44 956 ND ND ND ND ND ND ND ND

PCB118 9.04 9998 ND ND ND ND ND ND ND ND

pp' -DDD 8.71 8.87 36.4 38.1 6.06 5.73 4.33 531 11.6 13.5
op'-DDT 8.58 9.03 72.6 75.9 20.3 18.9 14.1 15.7 38.1 46.2
pp' -DDT 9.80 9.88 221 339.8 111 111.8 82.1 99.4 258.4352.9
PCB138 8.78 839 ND ND ND ND ND ND ND ND
PCB204 82.8 96.7 82.4 81.7 89.1 89.4 71.9 855 75.4 88.6

@ ND
2.3
2.3.1
GPC SPE SPE

10 -12

4

Florisil +0.5 g PSA 0.5 g Cartb +0.5 g PSA

+5 g Florisil

1 mL 100 ng/mL

Florisil + Carb

— 84 —

20 mL

80%

8%

/

PCB15

20 mL

PSA + Carb
PSA

I mL 10 ng/mL

PCB28 PCBI118

10 mL

0.03 g MWNT " +0.09 g Celite545
2

3 g Florisil +0.5 g Carb 3 ¢

0.5 g Carb

3 g Florisil +

Table 3  Recovery test for organic pollutants by SPE

with different sorbents

R/%
0.03 g MWNTs +
3 g Florisil + 3 g Florisil + 0.5 g PSA +
0.09 g celite545
0.5 g Carb 0.5 g PSA 0.5 g Carb
+5 g Florisil
a - 666 88.27 53.26 87.06 75.46
B - 666 93.49 65.72 102.4 82.25
v =666 89.84 63.43 98.81 88.02
PCBI5 73.90 52.98 122.3 4.00
& - 666 69.96 61.09 80.27 76.32
PCB28 88.20 62.04 103.7 7.81
91.10 60.19 97.75 82.71
PCB52 119.5 60.49 120.2 88.31
89.03 66.16 87.97 71.42
PCB103 82.74 65.79 85.37 98.95
- 82.19 66.81 86.83 129.2
PCB101 84.70 64.72 94.39 118.6
3 86.09 67.89 89.88 118.2
p p' -DDE 89.24 68.04 91.01 83.93
103.1 81.30 118.9 85.88
87.33 69.80 85.55 96.89
PCBI118 78.12 64.70 81.66 3.15
p p'-DDD 103.8 74.42 101.7 71.72
o p'-DDT 103.7 78.65 124.1 101.6
p p' -DDT 95.26 59.72 99.83 119.9
PCB138 86.67 70.45 90.95 124.9
PCB204 88.27 53.26 87.06 105.9
10 g 10
ng/g ASE 3 g Florisil 0.5 g Carb
SPE 1.4
6 4 ASE
SPE 68% ~ 106%
RSD 7. 7% Florisil ~ Carb
2.3.2
GPC
GPC
GPC
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4 Florisil ~ Carb
Table 4 Recovery test for organic pollutants by SPE

with mixed sorbent of Florisil and Carb

R/ %
RSD/ %
1 2 3 4 5 6
a - 666 67.7 71.9 73.0 67.4 73.9 67.5 4.28
B - 666 73.0 78.7 82.0 72.2 80.8 74.6 5.42
y —666 72.1 78.4 80.6 71.4 80.7 75.0 5.40
PCB15 70.6 80.0 85.1 77.9 83.2 75.1 6.77
S5 — 666 71.6 80.8 83.1 72.6 85.8 76.3 7.38
PCB28 69.7 74.7 77.4 71.3 78.6 73.6 4.62
73.3 78.1 81.4 73.8 80.0 73.6 4.70
PCB52 71.9 76.1 80.1 74.1 77.9 74.1 3.92
78.3 88.7 95.3 86.5 93.4 95.0 7.30
PCB103 78.3 81.1 86.0 79.7 83.4 87.4 4.33
- 76.5 81.1 86.5 81.6 84.0 82.2 4.08
PCBI101 79.1 83.6 85.8 79.1 85.6 83.4 3.60
- 72.8 77.4 81.8 74.6 77.8 74.9 4.15
pp -DDE 74.7 79.8 86.8 76.8 81.0 77.5 5.33
68.0 75.6 82.8 75.0 78.7 74.9 6.45
95.6 106 95.5 86.6 101 89.8 7.40
PCB118 72.5 77.3 80.5 74.3 76.6 74.9 3.65
pp' -DDD 74.8 81.3 84.9 75.9 80.1 78.3 4.69
op' -DDT 76.7 85.0 91.6 79.4 84.8 77.8 6.88
pp -DDT 81.5 94.4 100.5 87.1 94.9 86.6 7.67
PCB138 74.6 81.5 85.9 77.4 82.3 78.9 4.94
PCB204 79.5 86.4 91.8 82.3 84.7 80.2 5.43
GPC
GPC
/ 1:1 _
10 mm x 250 mm 20 mm x 250 mm
10 mm 3 mL/min
3 ~16 min 20
mm 3 ml/min
16 ~25 min
20 mm
x 250 mm 4 mL/min

0~11 min 11 ~12 min
12 ~20 min 20 ~24 min

12 ~20 min
B-666 5-666 11 ~12 min
11 ~20 min
2 GPC
11 ~20 min
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Fig.2 Elution curves of standard solution and practical

sample with GPC purification

2.3.3

SPE  GPC
5 SPE  GPC

20% 5

5
Table 5 Recovery test of different clean-up method

for organic pollutants in blank added samples

R/%

SPE GPC  SPE+GPC
a - 666 124 66.0 112 91.0
B - 666 97.0 71.0 97.0 97.0
¥ - 666 125 81.0 109 105
PCB15 94.0 71.0 81.3 69.0
5 -666 102 61.0 101 117
PCB28 80.0 61.0 71.0 114
134 103 137 90.0
PCBS52 107 114 86.0 100
110 125 97.0 101
PCB103 80.8 74.2 104 74.9
- 112 69.0 138 77.0
PCB101 128 72.0 100 98.0
- 113 68.0 80.0 77.0
» p' - DDE 104 68.0 131 96.0
10.0 67.0 104 84.0
16.0 71.0 106 90.0
PCB118 87.0 74.0 79.3 86.0
pp -DDD  83.0 80.0 132 73.0
o p' —=DDT 105 78.0 87.0 110
pp -DDT  99.0 68.0 90.0 101
PCB138 88.0 62.0 124 99.0
PCB204 89.5 72.3 113 96.0
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